One of the controversial debates in environmental economics, which began in the 1980s, is the relationship between environmental pollution and economic growth. The study investigated the relationship between per capita carbon dioxide emissions and gross domestic product per capita in 63 countries over 51 years during 1960 to 2010. Using a graphical analysis approach, the results of this study showed that the relationship between per capita carbon dioxide emissions and gross domestic product per capita amongst the sample data followed a sigmoid curve indicating that the per capita carbon dioxide emissions of a country increased when its economy transitioned from a labor-intensive technology to a capital-intensive one caused by an increase in the rate of economic growth. The results also showed that the amount of relative emissions varied amongst the countries. Ahmed et al.; AJAEES, 32(3): 1-10, 2019; Article no.AJAEES.48454 2 The variability could be imputed to the following reasons: (i) the heterogeneity in the structure of the economies, and (ii) the disparity in the mode of production used in the countries' manufacturing processes.
INTRODUCTION
The industrial revolution resulted not only in rapid economic growth but also in increased environmental pollution [1] . The effects of the revolution, however, influence the quality of human life in different ways. While global warming, climate change and the negative impact of environmental pollution can bring many complications to human life, economic growth is the most important precondition for economic development [2, 3] . As a result, researchers have been interested in discovering the relationship between economic growth and environmental pollution since the 1980s [4, 5, 6] .
Carbon dioxide (CO 2 ) is considered one of the major pollutants contributing to climate change [5, 7, 8] , which has recently caused widespread impacts on the natural and human systems [9] . The impacts include, but are not limited to, altering hydrological systems, affecting water resources in terms of quantity and quality, impacting the biological activities of many species, and crop yields. It has been forecasted that there will be an increase in global temperatures -from 1.1 to 6.4 degrees Celsius due to increases in CO 2 and other greenhouse gases (GHG) emissions. As a result, sea levels are projected to rise from 16.5 cm to 53.8 cm by the year 2100, which will cause diverse socioeconomic complications in many coastal areas [5, 10] . Though CO 2 emissions originate from both anthropogenic and natural sources, it is believed that human activities are responsible for altering the carbon cycle -both by increasing the concentration of CO 2 in the atmosphere and by lowering the earth's capacity to absorb CO 2 from the atmosphere [8, 11] . The level of anthropogenic CO 2 emissions of a country depends on different factors such as the intensity of economic activity and the mode of production, the consumption level of the population, and the stringency of environmental regulations [12] .
Countries vary in their modes of production, the level of output and consumption, and the level of CO 2 emissions. Economic growth is often accompanied by an increased demand for durable goods, which results in even more CO 2 emissions [13] . It could be further extended that the relationship between consumption and CO 2 emissions implies that the more durable and nondurable goods a nation consumes, the higher is the level of its CO 2 emissions. The consumption level of a country depends primarily on its own production and partially on its imports from the rest of the world [14] . When a country specializes in export-based growth, it will have a comparative advantage in producing pollutionintensive output if its level of environmental regulations is weaker than the average [15] . Since there is a strong positive correlation between the per capita income level of a country and the stringency of its environmental regulations developing countries will specialize in pollution-intensive production whilst developed countries will specialize in clean production due to comparative advantage [15] . The same conclusion was supported by Shahbaz et al. [16] who explained how environmental quality in Nigeria decreased substantially due to higher levels of pollution-intensive output production under the trade openness regime. In addition, many developing countries are addressing their pollution problems through formulating effective environmental policies, with or without the help of developed countries and/or international organizations like the United Nations Environment Program [17] . By adopting standards that exist in developed countries and by implementing them in society, these countries often perform better than developed countries [17, 18] . For example, Costa Rica received the 2010 Future Policy Award issued by the World Future Council for pioneering legal protection of biodiversity, which served as a model for other nations to follow [19] . Therefore, it cannot be maintained that all developing countries are lagging in formulating effective environmental policies.
In formulating environmental policies, the main objective of policy makers varies by country. For instance, while reducing energy consumption as a means to reduce CO 2 emissions is important in developed countries, it is unrealistic to expect all developing nations to have the same goal, as their primary objective is to raise their standard of living rather than environmental quality [20] . Once a developing country starts its industrial development process, it will continue struggling to sustain its sustainable economic development as its ultimate goal. It is evident that the nature of a country's economy changes from a traditional economy (i.e., based on labor intensive technology) to a modern one (i.e., based on capital intensive technology). For each country, the transition period implies a change in the pattern of the relationship between CO 2 emissions and economic growth. Such a relationship is important in the domain of environmental policy where it allows policy makers to judge the impacts of economic activities on the environment, thereby enabling them to formulate effective conservation policies for sustainable development [21] .
The main objective of this research is to demonstrate the most likely pattern of the long run relationship between economic growth and CO 2 emissions of a country as it changes its mode of production from a labor intensive technology to a factor neutral economy (i.e. neither more labor nor more capital employed into the production process), and, ultimately, to a capital intensive technology because of its economic progress. The findings of the paper may benefit policy makers in formulating policies to facilitate long run sustainable development.
The paper is organized as follows: after a survey of existing literature, the research methods are introduced followed by data analysis and a discussion, and a conclusion.
LITERATURE REVIEW
It is a general consensus that human economic activities appear to be the main reason for deteriorating environmental quality through emissions of anthropogenic GHGs such as CO 2 . However, it is an interesting but unsettled debate in environmental economics whether economic growth is deteriorating or ameliorating the quality of the earth's environment [22] . On one hand, researchers argue that environmental pollution comes in many shapes and forms (e.g. SO 2 , CO 2 emissions) and is positively correlated with economic growth [23, 24, 25, 26, 27] . On the other hand, several researchers consider that economic growth is necessary to conserve the long run sustainability of the natural environment meaning that economic resources must be invested in research and development to discover pollution abatement technologies and in sustainability programs aimed at conserving the environment. In order to understand the debate, proper specification and justification of the relationship between environmental pollution and economic growth is required [21,28,29].
Using various methods, researchers have attempted to estimate the relationship between environmental pollution and economic growth by taking into account some figures such as GDP, GDP per capita and/or per capita national income and information on various pollutants such as emissions of CO 2 , nitrogen oxide (NO x ), sulfur dioxide (SO 2 ) and suspended particulate matter [22, 30] . As mentioned earlier our focus will be on CO 2 emissions in this paper. The findings of most researches show no consistent relationship between CO 2 emissions and economic growth. However, in numerous studies the nexus is found as an inverted U-shaped curve that is known as the Environmental Kuznets Curve (EKC). The EKC shows that at the beginning of a country's economic development, environmental degradation rises and then it levels off and, eventually, falls with continuous economic growth [28, 31] . The findings imply that poorer nations, as they begin their economic growth process, pollute more while richer nations are cleaner due to their ongoing economic development. Chen and Huang [27] described the relationship as a monotonically increasing or a non-declining one implying that higher levels of economic activity require the use of more natural resources (e.g. coal, oil, gas, etc.) which results in more CO 2 emissions. On the other hand, Sengupta [32] and De Bruyn and Opschoor [33] found the relationship to be a N-shaped curve meaning that environmental quality started falling again after an improvement to a certain level, Roy and van Kooten [34] discovered the relationship followed a non-inverted U-shaped curve, and finally, Lacheheb et al. [5] did not find the existence of any inverted U-shaped curve.
The relationship varies across countries, especially between developed and developing countries. Using different datasets collected by the Organization for Economic Cooperation and Development (OECD) and the non-OECD countries, Galeotti et al. [31] examined the relationship between CO 2 emissions and income level and found that the inverted U-shaped curve only applied for the former group. Lapinskienė et al. [35] found the inverted U shaped nexus for 29 European countries whereas Huang et al. [36] could not provide any evidence to support the same relationship for developed countries. In order to test the validity of the inverted U shaped relationship for developing countries, Apergis and Ozturk [37] conducted empirical tests for 14 Asian countries, using data that were collected from 1990 to 2010 and found the relationship across these countries to be valid. Narayan and Narayan [21] tested the relationship for 43 developing countries and found an inverted U shaped relationship for only a few Middle Eastern and South Asian countries. The pattern of the relationship between pollution and economic growth that is mostly reported in the literature is an inverted U shape. According to the pattern, environmental degradation in a country starts to fall when its per capita GDP reaches a turning point at 3,137 USD [38] or a per capita income of less than 8,000 USD [22] . In recent years, the GDP per capita of developed or high-income countries (HICs) has increased beyond the turning point. However, both real GDP per capita as well as per capita CO 2 emissions continue to increase [39] , disproving the hypothesis of pollution-income progression of agrarian communities (clean) to industrial economies (pollution intensive) and to service economies (cleaner) [40] . More importantly, as Holtz-Eakin and Selden [24] and Roberts and Grimes [41] stressed out the EKC or the inverted U shape relationship does not describe CO 2 emissions in a meaningful way, as these emissions have been commonly used as the proxy for the level of pollution in the existing literature. Furthermore, the EKC does not exist in the long run [42, 43] . Therefore, an attempt is necessary to estimate the long run relationship between CO 2 emissions and economic growth, which may enable policy makers to formulate policies facilitating long run sustainable development.
RESEARCH METHODOLOGY
The study used a graphical method and a line chart to explore the long run relationship between economic growth and CO 2 emissions [44] . The economic growth variable, measured by GDP per capita, was placed on the horizontal axis, whereas the CO 2 emissions variable, measured by per capita CO 2 emissions, was placed on the vertical axis. Countries were classified on the grounds of low, middle, and high annual national income [45] . Economic growth was the core of the classification that justifies transition from a low-income country (LIC) to a middle-income country (MIC) and, ultimately, to a high-income country (HIC).
For exploring the pattern of the long run relationship, data on both variables are required over a period long enough to cover an entire transitional phase. An entire transitional phase can be explained as a period when a previously low-income country managed to transform its traditional economy based on labor power mostly to a modern economy based on machineries because of the economic growth. What has generally been a time-frame for a LIC to become a HIC? At present, no database provides time series data on per capita CO 2 emissions and GDP per capita for any country before 1960 [20, 44] . Literature shows that such limitation can be waived if researchers assume that LICs should pursue the strategies used by HICs to develop their economies status [46] . Fig. 1 shows trends in per capita CO 2 emissions of LICs, MICs and HICs over the last five decades. Per capita CO 2 emissions are plotted against the corresponding per capita GDP for all three categories of countries. The first segment of the graph represents the relationship between these two variables for a LIC whose mode of production is labor intensive. The second segment of the graph shows the same relationship for a MIC which follows a factor neutral mode of production. The third segment of the graph depicts the relationship between these two variables for a HIC with a capital intensive mode of production. The resulting combined line chart will specify the most likely pattern of the long run relationship between economic growth and CO 2 emissions of a country when it improves its economic status from a LIC to a MIC and ultimately to a HIC following a change in its mode of production from labor intensive to factor neutral and then to a capital intensive type of technology, respectively.
Data Description
Data on both GDP per capita and per capita CO 2 emissions have been collected from the World Data Bank website [47] . Data on both variables have been collected over 51 years from 1960 to 2010 and for 63 countries comprising 25 lowincome, 16 middle-income, and 22 high-income countries which are as follows:
Low-income countries (LICs): Benin, Burkina
It is worth mentioning that the panel data have been converted into time series data by taking the average of values of the same category countries across the 51-year period. Table 1 shows a summary of statistics of GDP per capita and per capita CO 2 emissions for the sample data. It is evident that the per capita CO 2 emissions rose with per capita GDP overtime for all countries. Generally, HICs emitted higher levels of per capita CO 2 emissions than the MICs and LICs during the period of study. Table 1 shows that the rate of the per capita CO 2 emissions in both MICs and LICs was much higher in 2010 compared to that in 1960.
RESULTS AND DISCUSSION
The increase in per capita CO 2 emissions in all groups of countries occurred primarily due to expanding economic activities, since output is positively correlated with pollution in the long run [20, 39] . These results indicate that emissions rise monotonically with output. Other precedent studies reported similar findings [23, 24] . Among the three groups of countries, per capita CO 2 emissions in HICs experienced significantly more fluctuations, especially a continuous rise until 1973 and then an overall decline, with some modest fluctuations. The nature of the fluctuations in HICs' per capita CO 2 emissions rises the question what initiatives had been taken by developed countries before 1973 to reduce the overall per capita CO 2 emissions trend, or even to level it off in later periods? Developed countries began formulating and implementing environmental policies vigorously since the 1960s. It has been documented that the end of the1960s could be marked as the beginning of the modern environmental policy-making era [48] . In the USA, the Environmental Protection Agency (EPA) was established in 1970 to protect all Americans from significant risk to human health and the natural environment [49] . The U.S. governmentn signed the Clean Air Act in 1970 which marked another milestone for the environmental conservation in the USA. In Europe, the EU Council of Environmental Ministers adopted the very first Environmental Action Program in 1973 and since then the EU environmental policy has become a core area of European politics [50] . Other developed countries along with global organizations have undertaken initiatives to conserve the natural environment, aiming to protect all living beings from significant risk. All of these initiatives contributed to the leveling off or the falling trend in per capita CO 2 emissions in HICs in the 1980s and onwards. Fig. 2 shows the long run relationship between per capita CO 2 emissions and GDP per capita. The trend line of the chart is a curve, similar to a sigmoid curve. The curve shows a monotonically increasing relationship between per capita CO 2 emissions and GDP per capita. . However, the distinctive feature of the curve is its two wiggles, which split it into three segments. The first segment represents the per capita CO 2 emissions of LICs, which was at a lower level with a gradual increase. The traditional economies of the LICs were mostly dependent on agricultural activities, which employed more labor than capital [20] . Less capital use in the production processes consumed less fossil fuel, which resulted in lower levels of per capita CO 2 emissions. Structural change is essential for these traditional economies, without which modern economic growth would not be possible [51] . However, the structural shift from a rural, and predominantly agricultural, economic base, to a manufacturing one resulted in increasing demand for energy [20] , and therefore a gradually increasing rate of per capita CO 2 emissions. The middle segment shows a dramatic rise in the per capita CO 2 emissions of the MICs. Industrialization was emphasized highly in developing countries to accelerate economic growth aiming to improve the standard of living of the societies in the region [20] . The ongoing industrialization required a continuous process of capital formation for higher economic growth. According to Solow's theory of economic growth, countries invest more resources in their 
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Trend line physical capital aiming to realize their potential economic growth, since an increase in the stock of physical capital results in higher growth rate both in the short run and in the long run [52, 53] . Since industrialization in the MICs resulted in a substitution of labor by machines, the MICs were becoming more and more energy intensive, and the corresponding per capita CO 2 emissions rate was rising in a higher rate. The last segment represents the higher level of per capita CO 2 emissions in the HICs which are highly industrialized. Industrial revolution in these countries transformed their economies from organic economies based on labor power to inorganic economies based on fossil fuels [1] . These countries use more physical capital techniques in manufacturing output [15] . Capitalintensive techniques are more pollution-intensive since more fossil fuels are necessary to operate machineries in the production process [54] . Therefore, the use of capital-intensive techniques was one of the main reasons for which the HICs emitted a higher level of per capita CO 2 emissions.
In examining how the findings of this research compare with other findings available in the large body of literature about the relationship under consideration, the study has found both similarities and dissimilarities. The most reported shape of the relationship is an inverted U-shaped curve. The left segment of an inverted U-shaped curve before its turning point expresses a monotonically increasing relationship between environmental pollution and economic growth of a country when it was a developing country. The first and second segments of the sigmoid curve depict a similar increasing relationship in the case of developing countries. On the other side, the right segment of the inverted U-shaped curve after its turning point, which implies environmental degradation, is declining when a country becomes developed. However, the last segment of the sigmoid curve depicts a leveling off in the pollution trend for developed countries. Other empirical findings had shown that the per capita CO 2 emissions of developed countries were much higher, but the trend was either leveling off or slightly declining [55] . As mentioned earlier, the findings of this study are compatible with other researches [23, 24, 25, 26, 27] . In comparison with the Nshaped curve precedent studies provided a similar relationship that is increasing [32, 33] . After that, these findings vary with each other. In fact, the sigmoid curve shows a significantly unique relationship between the per capita CO 2 emissions and the GDP per capita in the long run. The sigmoid curve indicates that all three categories of countries emitted increasing amounts of per capita CO 2 overtime, but that the relative emissions varied by category or country. This can be explained by the fact that different countries adopted different modes of production and produced different levels of output. They also emitted different levels of CO 2 emissions. Limiting emissions while encouraging growth is necessary for sustainable development, but it is challenging. Investment in green technologies and in human capital rather than in fossil fuel technologies may be a good policy towards sustainable development. Green technologies consume less fossil fuels and more renewable energy, and are more labor-intensive. Formulating and implementing a consistent environmental policy is another factor facilitating the process towards sustainable development through limiting pollution. Therefore, investment in green technologies and human capital along with proper environmental policy design and implementation may make the curve flatter or change the direction of the curve and make it downward sloping, meaning that more output is being produced while limiting emissions.
CONCLUSION
The most likely pattern of the long run relationship between per capita CO 2 emissions and GDP per capita is a sigmoid curve. The curve shows that per capita CO 2 emissions begin rising gradually from an initial low level and then reach a higher level following a dramatic increase. According to the curve, all three categories of countries emit per capita CO 2 increasingly overtime, but their relative emissions vary. The variation in relative emissions is due to heterogeneity in both the structure of their economies as well as the mode of production used in their manufacturing processes. The findings of the paper are significantly unique; however, they are consistent, in varying degrees, with other findings of previous studies. Effective environmental policy implementation along with investment in green technologies and human capital may change the direction of the curve and make it downward sloping. Panel data in the study have been converted into time series data by using the average of values for same category countries. The average measure is convenient to provide a general view; however, it cannot provide an in-depth view of all countries under consideration. 
